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SECTION I. INTRODUCTION

Unless careful water chemistry controls are observed, copper
c&n be a ~aJor contaminant in the brine effluent streams in
the desalting of seawater and brackish water. This is of
special significance in the widely used distillation processes
which have historically employed substantial quantities of
copper alloys. The cotton, ion of copper alloys occurring be-
cause of unsuitable water chemistry conditions causes copper
to manifest itself in the effluent stream in three general
forms: ionic, complexed, and particulate.

Studi~ have indicated that the recommended ~at~r qualitycriteribi onllion ranger .or copper iTh se problea mCOncentratiol hies in the ~a~e~tP~t~["

co, per in s~ch a s~A~l concentration range on a continuous
basis.

Several methods for measuring such low concentrations are
Fu~own, but most ~ve serious drawbacl~s, especially for con-
tinuously monitoring "total" copper. The wor~ described in
this report pertains to the development of a colorimetric
copper analyzer for continuous measursment of "total" copper
in very low concentrations.

i



SECTION II. SUMMARY AND CONCLUSIONS

Samples encountered in seawater desalting systems contain

~,i~o~~ itdistinctis necessaryf°rms" tolnfirst°rderconvertt° analyZealI f°rthree
forms to a common one for colorlmetric analysis, the method
of choice for accurate determination of the copper present.
Following this conversion of copper to a common form, it is
necessary to filter the sample in order to provide a com-
pletely clear solution for colorimetric analysis. Following
these steps, pH adjustment and addition of the necessary
colorimetric reagent results in a colored complex, the amount
of color being a function of copper concentration. The
amount of color is determined spectrophotometrically and re-
lated to ~the "total" copper concentration in the sample
stream.

above scheme, shown graphically in Figure If-l, have led to
the following conclusions:

In compliance with the technical objectives of this
contract, the development, fabrication, and testing
of a PPB total copper analyzer has been successfully
completed. The completed continuous "total" copper
analyzer system is shown by the photograph, Figure
II-2.

Field testing of the completed analyzer under actual
and experimental desalting plant conditions has
shown it to be a highly reliable and accurate instru-
ment when compared to actual laboratory copper
analyses by conventional methods (Table l~-I, p. 30).

Acid conversion of the three forms of copper to a
common form is the most practical method. Of the
acids tested, the order of effectiveness is hydro-
fluoric, hydrochloric, nitric, with hydrofluoric
acid being by far the best.

Improved conversion rates are related to increased
contact time and elevated temperature.

5. The addition of acid ~ove the stolchiometric amount
required to lower sample acidity to pH 2 has little
effect on the conversion rate.

6. An alternate ~o~d method for conversion of the
three ~,s of coppe~ to the complexed fo~ using



Figure II-|

$1~PLIFIED COPPER ANALYZER FLOW DIAGRAM

Sample

Buffer Addition

Carbamate Addition

and Recording

To Waste



Figure II-2

PHOT~PH OF C~ A~R



SECTIONII. SUMMARY AND CONCLUSIONS

iron-ethylenediaminetetraacetate (EDTA) plus excess
EDTA was not practical. The absorption of light by
the blue copper-EDTA complex was too low to make
the process sufficiently sensitive for colorimetric
determination ah low copper levels.

7. The use of the diethanoldithiocarbamate colorimetric
~n&lysis method for determination of copper was found
to be pH-dependent. The most intense color is ex-
hibited at pH 3. Above pH 6 the color intensity is
constant and does not vary with pH. Between pH 3 and
6, color intensity falls off slightly with increasing
pH.

8. The addition of pyrophosphate to tie up the iron or e
suitable buffer to increase the pH to 5 or 6 eliminates
an iron interference to the carbamate colorimetric
analysis method.

9. It was found that addition of pyrophosphate or most
buffers to hydrofluoric acid treated seawater
causes a turbid sample condition to develop due to a
calcium-magnesium-fluoride complex precipitating from
solution. Addition of the proper citrate buffer
solution prevents the iron interference and does not
cause turbidity in the sample.

I0. The methud chosen to "instrument" the acid injection
was found to be effective and convenient. Minor

~dP~b ~ c~s t~s ~iolifC~e~o~ep~l~n~ere

careful placement of the acid entrance point.



SECTION II!. TECHNICAL PROGRAM

A. Acid Conversion Studies

i. Experlmental Method

In order to study the effect of various acids on con-
version of the three forms of copper to a co,non
fors:, a laboratory procedure was devised which would
allow variation in the parameters to be investigated.

A suitable size portion of sample was heated in a
sealed flask until the required temperature had been
attained. At this time sample aliquots were with-
drawn for analysis of the three forms of copper. The

remaindes realed, an~fkept t he ~,oa~nP~m~a~f~’at~;e~dagain

time, using constant agitation via a magnetic stirrer.
At the end of this time interval, allquots were again
withdrawn for analysis of the three forms of copper.
All copper analyses were performed by the colorimetric
neocuproine method detailed in Appendix A.

After the first few trial runs, it was noticed that a
different "total copper" was fom%d before and after

sampla ecid treatment treatments’howeUdSUalla ~highet rhe ~t~o~rW~,, aftet rhan
the aliquots drawn before acid treatment. Analysis
of the acid being used did not show enough copper to
account for this difference.

!,,ttotaW laS ~ beforeS etabliShanedd afteth rat acit dhis treatmend tifferenCewai~
caused by:

¯ Small amounts of copper introduced with the
acid.

Copper being "plated out" on the walls of the
flask followed by redissolving after acid
addition.

¯ Inaccuracy of the colorimetric neocuproine
copper analysis method.

During this wor~ it was found that the neocuproine
copper analysis method accounts for most of the error.
The method is only accurate to about ±5% of the
amount of copper present. Since the work involved
samples containing a large amount of particulate
copper and since the amount of this copper converted

6



....SECTION III. T~CHNICAL PROGRAM

to the ionic form was quite large, it is believed
that the small difference in copper material balance
before and after sample treatment could be tolerated.

2. H~drochlorlc Acid

Using the foregoing method, hydrochloric acid was
tried for conversion of the particulate copper to the
ionic form. Figure III-I shows the effect of HC1 at
two different temperatures at various contact times.
Notice that at a low temperature ~5°F) an increase
in contact time improved the rate of conversion up to
a point. Contact times in excess of l0 minutes did

on the conversion rate.

Since it is desirable to keep the contact time to a
m~nimum in order that the analyzer might quickly re-
spond to a change in copper concentration, it was
decided that a 5-minute contact t~ne would be a
reasonable compromise between conversion rate and
analyzer response time. Figure II~2 illustrates the
effect of temperature on HCI conversion rate at a
constant contact time of 5 minutes and 1 ml. of con-
centrated HCI per 100 ml. sample. Notice that the

above 150°F.

Results with HCI indicate that it is effective for
conversion of particulate to ionic copper to about
80% conversion. If higher temperatures are required
to increase the conversion, its desirability for
inclusion into a copper analyzer would be lessened.

3- Nitric Acid

In a similar manner, nitric acid was used for attempt-
ing the conversion of particulate to ionic copper.
The general results found for HC1 were also seen when
using HN0s, although HC1 seems to be somewhat more
effective. Rates of conversion from 40 to 60% were
observed, compared to 20 to 80% under similar con-
ditions when using HC1. Since nitric acid is more
h~zardous than hydrochloric, no further work was done
on the use of this material.
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Ftgu,~e 1II-2

EffECT OF Ti~PERATURE ON HC1 CO~VEP~IOIt OF
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S~CTIONIll. TECHNICAL PROGRAM

Hydro~uorlc Acid

The effects of hydrofluoric acid (HF) on particulats
copper were studied by the method already described.
Results were qui~e prorating. Low concentratio~ cf
HF at low temperature and st klgher temperatur~
showed that the most critical parameter is the length
of contact with the par~culate matter. Figure 111-3
illustrates the effect of contact time at 150°F.
Notice that almost complete convers~n of the partic-
ulate copper has been obtained. Experiments at room
temperature and 5 minutes contact time showed ~%
conversion. A test at room temperature and a contact
time of 5 minutes w~th a ten-fold reduct~n in HF
concentration showed 80% convers~n cf the particulate
copper.

These results indicate that hydro~uoric acid is the
preferred reag~t for conversion of the copper to a
common fox, prior to c~orimetr~c anal~.

Another method proposed to convert the three forms of
copper to a common form was the use of iron-EDTA plus
excess EDTA. This method is based on the premise that
iron-EDTA should oxidize the particulate copper to the
ionic form. The excess EDTA should then chelate this
ionic form plus the originally present ionic copper,
converting all the copper into the complexed form.

In au effort to study this method of copper conversion,
a solution was made containing 0.05 molar iron-EDTA com-
plex and 0.05 molar excess EDTA in ammoniacal form. This
reagent will be referred to as the "EDTA Reagent."

Using the ~rim~l method ~e~s~ described,

a~re were st~d. It was fo~d ~at ~ ~ss in
any one ~ in~s~ ~e rate of copper conversion,
with all t~ee ~s ~ing ~t the same overall
effect. Figure IIl-~ shows tho effect of ~~e on
the conversion rate. At 150~F ~e ~~e copper ~s
decreased by 8~. The rate is ~% ~der ~e same con-
d~i~s except for a contact time of ~ m~uutes.
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Figure III-4

Condl tlons:
5 ml. "EDTA Reagent"/lO0 ml. sample
5 minute contact time
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These results indicate that iron-EDTA does convert par-
ticulate copper to some other form. Under the conditions
cited, it and the ionic copper are chelated with excess
EDTA. With copper in the EDTA complexed form, two other
requirememte~ however, must be met before this technique
would be uceable for a low level copper analyzer.

¯ The spectral absorption peaks of iron- and copper-
EDTA must be separated far enough so one does not
interfere with the other.

" Very low c~c~tra~ons of copper s~uld develop
~i~t b~e ~r ~ ~e a ~
~on of li~t at the chos~ wav~ength.

~ of ~ese items were inkstand. A ~ trans-
~an~ c~e ~s ~in~ ~ a m~ ~ ~an~ ~n
and copper s~u~s mixed wi~ a~ ~ solution.
A plot~of percent ~ans~ance versus w~h is s~
in ~e ~I~-5. ~s d~a sh~s ~ the ~ ~so~-
tion ~ ~an~s~n) of ~ergy for ~e ~D~
~x is ~ a w~h of ~0 ~e~ ~le ~
~r ~e ~D~ ~i~ ~ ~ ~5 ~~ns. The
~ance of ~ese ~ n~ers is t~t they are widely

meters ~ a n~ b~s on the order of ~0 ~i~s,
~ite sufficient for our p~s~.

From the spectr~l transmittance curve a point was chosen
at a wafelength of 725 millimicrons for preparation of a
curve ~o show the sensitivity and linearity cf the
spectrophotometric analysi~ of the blue copper-EDTA
complex. Btandard copper solution~ ~ere prepared and
I00 ml. portions of each were treated with 5 ml. of
"EDTA Re~gento" These solutions were read in a spectro-
photometer against 5 ml. of "EDTA Reagent" in i00 ml. of
delonized water. The results of this are show~ in

’ Figure III-6. These data show that the ener~v absorption

slope, s~ch as the dash line shown in the figure.

Althou~ the data ~ in the range 0 to ~ ppm copper
w~a l~a~, tho ~t abeo~tlon ~ ~ i~ in the p~-
~r~ ran~ that ~ ~r ~ ~ ~ ~ ~s
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C. Chemistry of Carbamate Analysis Method

~sed on the results ~in~ during the acid conversion~d~,,,~ decidedcopper int~t a s~ple~e beStwo~d~be to t°construct~in-

a movie ~r ins~ the ~~ ~c~i~e and
use t~s as a ~a~t ~r ~e ~ch copper ~
n~ on hand. Since t~s ~ uses ~e ~h~-
t~oca~ama~ ~r~c copper ~a~s, a s~dy of
~e ~t ~e~ was ~a~.

Since the pH of seawater following HF-treatment is around
2, the first studies were aimed at finding a pH sensitivity
of the carbamate reaction. A standard copper solution
was prepared which contained 0.2 ppm copper. Fifty-
milliliter portions of this standard were adjusted to
various pH values with dilute hydrochloric acid and sodium
hydroxide solutions, carbamate reagent added to each, and
the mixture diluted to exactly lO0 milliliters. After
about i0 minutes the percent transmittance of each solu-
tion was read on a spectrophotometer. The results of this
work are shown in Figure III-7. Inspection of these re-
sults show that the carbamate reaction is pH-dependent.
The most intense color is produced at about pH 3. Between
pH 3 and 6, the intensity falls off, reaching a constant
value above pH 6. These results indicate that the most
sensiti%m copper analysis by this method can be performed
at pH 3, and the most stable analysis performed at pH 6.
Addition of hydrofluoric acid ~o another series of samples,
followed by pH adjustment to various values, gave results
identical to those shown in Figure III-7. From these
results it was concluded that with proper pH adjustment
following the HF-pretreatment, the carbamate method will
function properly.

D. Effects of Iron on Carbamate Analysis Method

It was found that the presence of iron causes color in-
tensity of the copper carbamate comple~ to increase
slowly, reaching a stable value after about 7 minutes.
Since the waters which wilinormally be monitored by the
finished analyzer will contain iron, it was necessary to
contend with this factor.

One hundred-milliliter samples containing 5 ppm iron and
0.5 ppm copper were adjusted to pH 3 and treated with the
carbamate reagent. Immediately following the carbamate
addition, the percent transmittance of the solution was

16
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SECTION III. TECHNICAL PROGRAM

taken at various times. This data is shown in Figure III-8
Dower curve). Notice that the copper carbama~ complex
is formed slowly, reaching a stable value after about 7 to
~ minutes.

The reagent scheme in the Nach analyzer uses two reagents,
one containing an acetate buffer with sodium pyrophosphate
to inhibit iron interference, the other being the car-
b~mate reagent~ Either adding pyrophosphate or removing
the iron causes the copper carbamate complex to form quite
rapidly and reach a steady color intensity immediately.
This is shown by the upper curves of Figure III-8.

From the foregoing one might conclude that it is only
necessary to precede the Hach analyzer with the HF-
pretreatment step, iron being taken care of by inclusion
of pyrophosphate in the buffer solution. However, this
is not the case. Upon addition of the Hach Reagent I to
the acid-treated seawater, a precipitate forms which
creates a turbid water condition. The addition of either
pyrophsphate or the acetic acld-acetate buffer causes
this same turbidity in seawater samples which have been
acidified with hydrofluoric acid. The addition of either
or both of the above constituents to seawater containing
no hydrofluoric acid does not result in turbidity
formation. Precipitate formation thus makes the HF-
pretreatment step and the Hach copper analyzer chemistry
incompatible.

Since in all previous work the HF-acidification has
proved to be the most effective means for convertin£ all
three forms of copper to a form which will react with the
carbamate reagent, it was necessary to modify the Hach
analyzer chemistry to make it compatible with the HF
treatment. The simplest approach was the selection of
another buffer system to raise the sample to the required
p}I. This new buffer ideally should also contain citrate
ion which keeps iron from interfering, in lieu of
pyrophosphate ion as used in the Hach reagent.

Various buffers were added to HF-treated seawater to de-
termine which buffer would raise the pH to above 5 or 6
and still leave the solution devoid of turbidity. Solutions
of sodium phosphate, sodium bicarbonate, sodium borate,
acetic acid-sodium acetate, sodium citrate, ammonium
hydroxide, ammonium hydroxide-ammonium chloride, and
triethanolamine were all found to cause the turbid con-
dition in the HF-treated seawater samples. A satisfactory

18
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SECTIONIII. TECHNIC%L PROGRAM

buffer was ~ 50 to 75 percent solution of citric acid

neutraliZedraised the samplewith amm°niUmto pH 6.hydr°xideAs the reagenttO pH 9.is ThiSaddedreagentto
the sample, a point is reached where slight turbidity
forms but disappears as the pH rises above 5. Since this
analysis process is of a continuous nature with the sample
remaining above pH 5, the turbidity problem was solved
and was no longer a factor Ln the analysis.

An alternate copper analysis similar to the diethaaoldi-
thiocarbam~te involves the use of dibenzyldith~ate
at pH 2. Reportedly, at this pH, the reagent is very
specific for copper, with no iron interferences. Since
the HF-treated samples end up at pH 2, it was necessary
to study this method. The alternate reagent was found to
be insoluble in water and the lower alcohols. Since the
instrumentation on hand does not provide for operation by
extraction of the colored copper complex into an organic
medium, this reagent would not be practical for use in
lieu of the original carbamate. The reagent was tested
on copper standards by adding a carbon tetrachloride
solution of the dlbeuzyl carbm~ate to portions of the
standards treated with hydrofluoric acid to pH 2 and
extracting the complex into the organic phase. The
method was quite sensitive at low levels of copper~
However, since the method by necessity involves extrac-
tion into an organic solvent, no further ~crk was done
on this reagent.

A flow-through mixing chamber for hydrofluoric acid-
seawater contact was built consisting of a closed cylinder
with inlet and outlet connections and a perforated plate
across the center cross-section of the cylinder. All
parts were made of~ Plexiglas @ acrylic plastic. The
cylinder contains a magnetic stirring bar. The center
plate is required to eliminate the vortex caused by
stirring, thereby reducing concentration streaming in
the mixing chamber.

A variable speed peristalic tubing pump is used for the
acid injection. The sample flow to the mixing chamber
is controlled by a ball valve and monitored with ~
rotameter.

2O



SECTION III. TECHNICAL PROGRAM

This apparatus was set up at the 0SW Materials Test
Center. A sample line from a corrosion test unit was
run to the apparatus in order to provide a continuous
supply of sample.

Concentrated hydrofluoric acid ~9%) was diluted l:lO

Samples were collected before and after the mxing chamber

f°rof aboutC°pper7 ~oa~Y~’pHltafterwas ~Ff°undlnJectionthat f°rwasa sample2 to 3.pH

Rates of copper conversion (particulate to ionic) manYto 100%differentconversion.tri&ISMostWereoffOUndthe ratesto be ~r~h~r~es~0to

~k~,,ange when corrected for the analytical "reagent

After several hottrs of run time, it was evident that
silica was depositing on all surfaces of the mixing chamber,
especially the top side of the perforated baffle. Several
holes in the baffle were plugged. Silica plugging at the
acid entrance point was also experienced.

Since the silica deposit was sticky amd adherent to the
surfaces of the plastic chamber, it was decided that

°therin thl.smaterialSregard, ~fT~~J~ssdmba~ei~s~d

in the chamber.

After operating several hours, the baffle was inspected
and found to be essentially free of silica depos~§. All

was, therefore, permanently incorporated into the mixing
chamber.

In addition to silica buildup problems in the mixing
chamber, problems were also encountered at the acid
entrace point. Silica deposits were found to plug the
tee in the sample line, the point of acid addition. This
problem was corrected by adding the acid to the sample
in the mixing chamber. The high velocity due to stirring
keeps silica from plugging the acid injection point. No
further problem was experienced from silica.

Secondary Treatment-Sample Filtration

After treatment of a sample with HF, the water is still
turbid. This turbidity is attributed to silica ~iOz).

21



SECTIONIll. TECHNICAL PROBLEM

Before a sensitive colorimetric analysis can be performed,
this turbidity must be either removed or compensated for.

The previously described flow-through mixing chamber was
set up to be followed by a cartridge filter holder.
Samples before and after this holder were collected and
turbidity (suspended solids) readings made on a Klett-
Summerson colorlmeter.

Various felt and plastic filters were tried, each having
a different pore size. Zero turbidity was chosen to be
that amount remaining after passing the sample through a
O.~5-mlcron membrane filter.

The results of this work in the range up to a IO-micron
filter are shown in Figure III-9. The shape of this curve
is as expected. Filters of R-micron pore size and smaller
become very effective for removing the suspended solids
present.

Based on this data, a 1-mlcron filter was chosen for
further study. It was found that after an initial "break
in" period of about 30 minutes, the water leaving the
filter was quite clean (colorimeter reading 6). After
the filter had "aged" for an hour, the colorimeter read-
ing had dropped to 3 and did not improve beyond this.

After an operating period of 20 hours, the filtered
sample remained clear. The filter showed no signs of
plugging as no back-pressure had developed. Inspection
of the filter revealed a uniform coating of solids on
the outer surface. This coatin~ was easily removed by
simple washing.

It was noticed that the silica causing the turbidity
always accumulated on the surface of the filter and did
not actually penetrate into the filter clement itself.
The filter cartridge evidently was only providing a
surface for the silica to cling to.

Based on the idea that only a large surface area is re-
quired ¯nd not a specific pore size, a filter was con-
structed by filling a plastic container with glass wool.
This filter was attached to the HF mixing chamber.
Subsequent tests showed that the saaple effluent from
the filter was completely clear. All traces of silica
had been removed. The glass wool was removed and studied
under a microscope. As expected the surface of the glass
was found to be coated with silica and severely etched
by the hydrofluoric acid.
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The glass wool was replaced with medical grade cotton and
the filter element again attached to the H~ mixing
chamber. The cotton was as effective as the glass wool,
as all silica was easily removed to leave a very clear
sample. Inspection of the cotton showed no effect from
the HF.

The use of such a filtration system is much more desirable
than a cartridge filter element due to the availability
and low cost of such a system. The cotton packing is also
more easily replaced than a cartridge filter element,
lending itself quite nicely to the routine maintenance
required in this area of the analyzer.

NO~: The continuous copper analyzer in this and following
sections, referred to as the Hach analyzer, is
manufactured by Hach Chemical Company, Ames, lowa.



SECTIONIV. ASSEMBLY AND ~STING

Based on the results described in Section III, a pretreat-
ment module was designed to convert the copper to a
common form and remove ~he turbidity from the sample. A

(p.

Based on this analytical scheme, the pretreatment module
was designed with the following features:

I. Use of plastic parts to prevent hydrofluoric acid
attack

2. Use of the cotton filter already described

3. Incorporation of design for ease of cleaning and
maintenance

4. Use of readily available parts for construction and
replacement

5. Incorporation of maximum user safety

The pretreatment module was constructed in a steel elec-
trical utility box with a removable interior plate. The
various components are fastened to this plate. The module

variable speed peristaltic tubing pump is located. Note
that the pump is inverted in order to protect its elect
trlcal circuits in the event of a tubing leak. The mixing
chamber and cotton filter are located to the right of the
pump.

~e injection point for the hydrofluoric acid has been
placed through the wall of the mixing chamber rather than
into a tee in the sample line.

All vessels are interconnected with Tygon@ tubing and
quick-disconnect fittings. This facilitates removal and
cleaning of all components.

Module size was chosen with ease of adjustment and manip-
ulation in mind during the testing phases of the program.
It is possible that the module can be reduced in size to



Ftgure IV-1

HYDROFLUORIC ACIO PRETREATHENT HODULE



about h~if that shown and incorporated into the Hach
- a~/~lyz er cabinet.

Several modifications were made to the Hach copper
analyzer in order to ma~e it more suitable for our
purposes. The buffer system used in the analyzer was
changed as outlined in Section III. The point of addi-
tion of the buffer solution was changed to correct a
cr~pillary plugging problem. In the original analyzer,
the buffer was added to the sample stream at a very low
velocity point. When the change in the buffer system
was ~ade, this caused the capillary to plug due to the
increased concentration of the buffer. In order to
correct this difficulty, the analyzer was modified to
contain a small plastic vessel, magnetically stirred,
into which the capillary which delivers the buffer was
placed. The increased velocity due to stirring in this
vessel corrected the capillary plugging problem.

In addition to correcting the plugging problem, this
vessel more effectively mixes the buffer into the sample
stream, thereby reducing schlieren which were entering
the colorimetric cell, causing a minute "wavering" of
the recorder baseline because of the changing refractive
index in the cell.

It was noticed early in the program that the photocells
of the color, metric analyzer had a rather short life.
The photocell bridge is contained on a constant tempera-
ture block which is electronically controlled by a ther-
mistor and transistor voltage controller. It was sus-
pected that the temperature was too high, causing the
photocells to rapidly deteriorate. In order to correct
this problem, ~ 220,000 Ohm resistor was placed in
parallel with the thermistor, which lower the block tem-
perature from 62 to 50°C. No further problems have been
experienced with the photocells. No loss in sensitivity
was evident.

The HF pretreatment module was placed in the sample line
ahead of the Hach copper ’analyzer. A strlp-chart recorder
was connected to the analyzer, thus completing the
assembly. Fi£ure 11-2 shows the completed analyzer.
On the left is the pretreatment module. Notice that a
plastic tray has been added in the bottom of the case.
This was found necessary to catch any spills as the
various components are removed for cleaning. On ~he
right is the Hach analyzer. The stirrer and new buffer
mixing system~can be seen to the left in its cabinet.



B. Operation

Due to the nature of the chemicals involved, extreme care
should be exercised during preparation of the required
reagents and filling of the storage tanks, etc. It is
suggested that the chemical goggles and protective gloves
be worn during all operations involving handling the
reagents.

i. Reagent Preparation

Prepare the dilute hydrofluoric acid by mixing
reagent grade HF with delonized water in the
ratio one to nine by volume. Always add the
acid mtc the water.

Prepare the buffer solution by mixing a 50% by
weight reagent grade citric acid solution in de-
ionized water with reagent grade ammonium
hydroxide until the pH of the mixture is 9.0.

2. Ch~ging Pump Tubing

When changing the pump tubing, it is suggested that
chemical goggles and gloves be worn. Shut off the
supply of HF to the pump tubing. Disconnect the old
tubing at e~ch end. Rinse the tubing with water and
discard. Reconnect the new tubing and again turn on
the HF supply.

3. Routine Start-Up

a. Verify that all tubing connections are sound.

b. Turn on HF storage tank valve.

c. Start sample flow and adjust flow to pretreatment
module to i00 milliliters per minute.

d. Turn on magnetic stirrers and tubing pump.

e. Adjust tubing pump to 3 milliliter~ per minute.

f. Start buffer and Hach reagent "Copper II" flow in
the colorimetric analyzer.

g. Follow manufacturer’s directions for calibration
and operation of the Hach instrument.
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~C~ ~. ASSEMBLY ~ TESTING

~. Routine Shut-Down

a. Shut off tubing pump and magnetic stirrers.

h. Shut off Hach instrument reagent flows.

c. Valve off HF storage tank.

d. Shut off sample flow to pretreatment module. "

The instrument was first set up at the OSW Materials Test
Center at Freeport, Texas. One of the OSW corrosion test
units not being used at the time was loaded with copper
coupons. It was possible to vary the amount of dissolved
oxygen to the loop and thus vary the amount of copper
coming from the loop. The dissolved oxygen content to
the loop was monitored continuously.

Samples of the feed to the loop were taken for dissolved
oxygen analysis. Samples of the blowdown from the loop
were taken for total copper analysis by the 6onventional
laboratory procedure and by the continuous copper analyzer.
The amount of oxygen entering the loop was monitored and
was recorded. The results from several of the tests made
are shown in Table l~-I. No~ice that the analyzer shows
ver~good agreemen~ with the wet chemical copper analyses,
espe~ially as a copper concentration is reached which is
typical of that found in the samples normally encountered.

In order to show that the analyzer would show changes in
copper corrosion rate, the oxygen to the loop was in-
creased to a higher value. The copper analyzer responded
%o sucha change in about a 5 minute period, lining out
ver~ nicely at the higher copper level experienced at the
higher corrosion rate. This data is shown in the recorder

in copper from 0.iO ppm to 0.20 ppm. This data shows
that the analyzer is quite useful for seeing a change in
copper in a sample stream due to a change in conditions

¯ in the source of the sample stream.

In order to check the interference of iron, as discussed
in Section llI, a stable copper reading on the analyzer
was obtained. One milliliter of a 1,O00 ppm iron standard
was injected into the sample line leading to ~he analyzer.
The analyzer response changed by an amount equivalent to
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Table IV-I

COP¥~R ANALYZER RESULTS FROM OSW UNIT

D~ ~t

1

5

6

7

8

9

Ii

Dissolved Oxygen,
ppb

~’180

180

330

370

370

Wet Copper, Analyzer,
ppm Cu ppm Cu

0.15 0.i~

0.II 0.i0

O.22 0.21

o.30 0.26

0.3o 0.26

0.~ 0.89

0.03 0.04

o.o3 0.o3

o.o2 0.03

o. 02 o. 03

o.o3 0.03

o.oi o .o~
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SECTION IV.. ASSE~X AND ~ESTING

e~ect of a large pH upset in the sample to ~e an~er
was determined. One mi~er of concen~ hydro-
chlor~ ao~ was In~ec~d in~ the sample line. This is
really an ~a~ra~d change in pH. ~e ins~ument
re,ones chan~ed by ~n amount ~ulvalent to less than
0.01 ppm copp~. From t~s data it was concluded that

~0~c~%~ ~Jl~i~do~e~y~r~re not de~Im~l

The data obtained in the OSW corrosion unit was further
supported by installation, of the analyzer at the OSW
Freeport, Texas Test Bed Plant. The analyzer was con-
nected ~o: the final brine from the last effect of the
plant. Wet-chemical copper analyses were made as a
check on analyzer perform-rice. The results were essen-
tially as already seen. The analyzer was in all cases
very close to the value found by chemical analysis. On
several occasions a rapid change in copper concentration
was related to a change in plant operating conditions
made at about the time predicted by the analyzer.
Changes in temperature, pH, dissolved oxygen, and addi-
tion of chlorine all resulted~in changes in copper con-

were quickly monitored by the analyzer.
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SECTION V. APr~DIX A - PROCEDURE FOR COPPER ANALYSIS

A. Scope

Ionic, comp~xed, and par~cu~ copper in t~ parts-
per~linn range in scaw~er and brines may be ~rmined
by this method.

Copper in the sample is reduced to the cuprous form with
hydrox~lamine hydrochloride. The resulting cuprous ion

i~ethyl-then ablel, ~-~e~t~J~p~ withA buffer 2’ 9-
solution of sodium citrate produces a pH of 6 prior to
this complex formation. The copper-neocuprolne complex
is extracted from the aqueous phase with chloroform.

The intensity of the colored complex in the organic phase
is proportional to the concentration of copper in the
sample, the intensity being determined with a colorlmeter.
The concentration of copper in the sample is determined
from a previously prepared calibration curve.

C. Interferences

S~stan~ amounts of chromium and sulfide can ~rfere
with ~is meted. Such in~rferences are norm~ly not
~und in the samples being ~ed.

D. Apparatus

A filter colorimeter with a blue filter having maximum
transmission at ~57 m~ is used to measure the inten-
sity of the complex. A ~-cm path-length cell is
utilized.

2. Norm~l laboratory glassware.

Ree~ents

All reagents are prepared in distille~, doubl~ delonlzed

i. Neocuproine -- 0.1% solution in "2B" ethanol

~. Hydroxylamine hydrochloride -- 10% solution

3. Sodium citrate -- 25% solution

~. Potassium persulfate -- 0.i ~ KeSsOs



Stsmdard copper solution--1.0000 g~m electrolytically
pure copper dissolved in nitric acid and dilute to
one liter (I ml. = I mg. Cu)

Samples are collected in polyethylene bottles and analyzed
~mmed~ ately.

G. Calibration Curve

i. Ionic Cop~er

Filter a ~ size sample t~ a 0.45-
micr~ ~r~e filter. Rinse filter with de-
i~ wa~r and s~e ~r p~l~e ~

Quantitatively transfer filtrate to separatory
funnel and add 2 el. hydroxylamlne hydrochloride,
25 el. sodium citrate, 5 el. neocuproine, and
15.0 el. chloroform. Shake vigorously and allow
l~yers t~ separate.

Draw off the chloroform layer through a No. ~i
Whatman filter paper into the colorimeter cell.

Measure the color intensity of the chloroform
against a similarly r~ reagent blank and de-
termlne copper from calibration curve.

2. Complexed Copper

To the same size filtered sample as for ionic
copper add 2 ml. po~ persulf~te and i ml.
concentrated hydrochloric acid. Bring to boil
and reflux in a 500 el. volumetric flask for ten
minutes. Cool and determine copper as before.

b. Subtract ionic copper from that found above to
obtain complexed copper.



SEC~ V. AP~ A

3. ~articulate Copper

Place the filter from one of the above filtra-
tions in a platinum crucible, wet the filter with
acetone, and ignite. When burning is complete,
best the crucible to £1owing over a Meeker burner.
Cool, add a few milliters of concentrated hydro-
fluoric acid, a few drops of concentrated sulfuric
acid, and evaporate to dryness on a warm hot
plate. Cool, add about i ml. concentrated hydro-
chloric acid, and warm to dissolve any residue.

b. Transfer to a separatory funnel and proceed as
for ionic copper.

Results are reproducible to about ±5% of the amount of
copper present.


